ABSTRACT. Dairy goat is a good model for production of transgenic proteins in milk using somatic cell nuclear transfer (SCNT). However, animals produced from SCNT are often associated with lung deficiencies. We recently produced six transgenic cloned dairy goats harboring the human lactoferrin gene, including three live transgenic clones and three deceased transgenic clones that died from respiratory failure during the perinatal period. Imprinted genes are important regulators of lung growth, and may be subjected to faulty reprogramming. In the present study, first, microsatellite analysis, PCR, and DNA sequence identification were conducted to confirm that these three dead kids were genetically identical to the transgenic donor cells. Second, the CpG island methylation profile of the imprinted insulinlike growth factor receptor (IGF2R) gene was assessed in the lungs of the three dead transgenic kids and the normally produced kids using bisulfite sequencing PCR. In addition, the relative mRNA level of Y.L. Zhang et al.
INTRODUCTION
Somatic cell nuclear transfer (SCNT) technology offers a new method of transgenic research in domestic animals, and an increasing number of transgenic domestic animals have been produced using SCNT (Cibelli et al., 1998; Bondioli et al., 2001; Behboodi et al., 2004; Huang et al., 2007) . However, the low efficiency of SCNT methods appears to be a great barrier to the production of such potentially highly valuable transgenic livestock (Jang et al., 2006; Yang et al., 2007) . During SCNT, the original epigenetic pattern in differentiated somatic cells is first erased and then embryonic epigenetic characteristics and gene expression patterns are re-established to a totipotent embryonic state, followed by cloned embryos of totipotent status being re-differentiated to various somatic cell types during later development. This process, which involves various epigenetic modifications, is called nuclear reprogramming (Yang et al., 2007) . It has been proposed that aberrant nuclear reprogramming results in developmental anomalies and low cloning efficiency (Jaenisch and Bird, 2003; Wei et al., 2010) .
DNA methylation is a principal epigenetic modification of the genome and plays a critical role in nuclear reprogramming (Feng et al., 2006) . It mainly occurs at the 5'cytosine in CpG dinucleotides, which are usually found in clusters, termed CpG islands (Gardiner-Garden and Frommer, 1987 ). An imprinted gene is expressed from a single allele, depending on whether it was the maternally or paternally inherited copy, which is regulated primarily by DNA methylation in the imprinting control region (ICR). Most imprinted genes play roles in regulating fetal development, and aberrant imprinting leads to developmental anomalies (Zhang et al., 2009; Su et al., 2011; Zhao et al., 2012) . The insulin-like growth factor receptor (IGF2R) gene is maternally expressed and functions to suppress fetal growth by acting as a scavenger receptor for the imprinted fetal mitogen IGF2 (Li et al., 2007; Suteevun-Phermthai et al., 2009) . It has been reported that IGF2R messenger RNA was significantly reduced in various organs of in vitro fertilized sheep with fetal overgrowth (Young et al., 2001) . IGF2R is well conserved in mammals, including goats. A number of studies have reported aberrant expression of IGF2R in mice, cattle, and sheep, but related research on transgenic cloned goats is limited.
The present study aims to investigate the CpG island methylation profile and relative expression level of the IGF2R gene in deceased cloned transgenic dairy goats. Cloned goats are particularly likely to display symptoms of respiratory failure and we suggest that the observed highly variable methylation patterns of IGF2R may reflect a very low efficiency of reprogramming in the lung.
MATERIAL AND METHODS
Unless otherwise indicated, all chemicals used in this study were obtained from Sigma-Aldrich (St. Louis, MO, USA) and the media from the Gibco Invitrogen Corporation (Grand Island, NY, USA). All trials were conducted in accordance with the Guidelines for the Care and Use of College of Animal Science and Technology, Nanjing Agricultural University.
Production of transgenic dairy goats by SCNT
Construction of the human lactoferrin (hLF) gene vector and preparation of competent hLF transgenic fibroblast cells were conducted as detailed in our previously published paper (Meng et al., 2011) . Oocyte collection and in vitro maturation, SCNT, activation of reconstructed embryos, culture of cloned embryos, embryo transfer, and pregnancy diagnosis were performed as described previously (Lazaris et al., 2006; Zhang et al., 2010) .
Briefly, oocytes were recovered from abattoir-derived ovaries and matured in vitro in TCM199 medium supplemented with 10% FBS, 10 μg/mL FSH, 10 μg/mL LH, 1 μg/mL E 2 , and 100 IU/mL penicillin/streptomycin for 20 to 22 h at 38°C under 5% CO 2 in humidified air. Then, oocytes with an extruded first polar body were selected and stained with 10 μg/mL Hoechst 33342 for 10 min prior to enucleation. The first polar body and the small amount of surrounding cytoplasm were removed from oocytes with a glass pipette in PBS microdrops.
Following enucleation, a small (<20 μm) hLF transgenic fibroblast cell with a smooth plasma membrane was injected into the perivitelline space of each enucleated oocyte by micropipette. Nuclear transfer (NT) couplets were electrically fused in medium comprised of 0.3 M mannitol, 0.5 mM MgSO 4 ·7H 2 O, 0.1 mM CaCl 2 , 0.5 mM HEPES, and 1 mg/mL BSA, by applying a single electric pulse (20 μs each, 1.2 kv/cm). Activation of fused embryos was achieved chemically by incubation in 5 µM ionomycin for 5 min, followed by post-activation in 2 mM 6-DAMP for 4 h. After activation treatments, NT embryos were cultured in SOFaa at 38.5°C in a 5% CO 2 atmosphere.
Reconstructed embryos were cultured in vitro for 24 h, and surgically transferred into the oviduct of the synchronized foster-mother goats. Of the six cloned transgenic kids that were born, three were born alive and three died during the perinatal period (named TD1, TD2, and TD3 clones).
Identification of transfected cloned goats
Genomic DNA was extracted from tissue collected from the three NT-derived kids that died during the perinatal period and the recipient goats, and analyzed using five microsatellite markers (Table 1) using methods described elsewhere (Chen et al., 2007) . The microsatellite alleles for the NT-derived offspring were compared with those from transfected goat donor cells and contrasted with those from the recipient goats that carried the respective pregnancies.
Goat ear cells, donor cells, and surrogate skin cells were resuspended in lysis buffer, incubated at 55°C for 5 h, and heated to 95°C for 10 min in order to inactivate the proteinase K. Genomic DNA was amplified in a 20-µL reaction volume with the following variables: 30 cycles of 1 min at 95°C, 1 min at 62°C, and 1 min at 72°C, and a final 10-min extension period at 72°C. A PCR primer set was used to amplify the 750-bp hLF gene. The forward and reverse primers are as follows: 5'-GAATGGCTGGCAGTGAAACA-3' and 5'-CTCAATGGG CTCAGGTGGAC-3' (Table 1) 
Bisulfite sequencing-PCR analysis of IGF2R
Genomic DNA was extracted from the lungs of the three deceased transgenic cloned kids and the normally produced kids using the TIANamp Genomic DNA Kit (Tiangen, Beijing, China), and this was followed by sodium bisulfite treatment using the Methylation-Gold™ Kit. Subsequently, the modified DNA sample was immediately used in bisulfite sequencing PCR (BSP) or stored at -80°C.
Specific primers, which were designed using MethPrimer, were used for the BSP amplification of IGF2R. Details of BSP-amplified nucleotide sequences of the IGF2R ICR are shown in Figure 1 . PCR was performed with a DNA engine (Bio-Rad, USA) using the following program: 5 min at 95°C, followed by 40 cycles of denaturation for 30 s at 95°C, annealing for 30 s at 51°C, and extension for 30 s at 72°C. A final extension was run at 72°C for 5 min. The PCR products were gel-purified using the AxyPrep Purification Kit (Axygen, USA). The purified fragments were subcloned into pMD18-T vectors (TaKaRa, Japan). The clones confirmed by PCR were sequenced. We sequenced ten clones from each independent set of amplification and cloning. BSP results and C-T conversion rate were analyzed by the BIQAnalyzer software (http://biq-analyzer.bioinf.mpi-inf.mpg.de/). To ensure data quality, we chose sequences for which the C-T conversion rate was greater than 95% (Figure 1) . 
Real-time PCR analysis of IGF2R expression
Quantification of all transcripts was performed by real-time quantitative PCR (RT-PCR) using the ABI 7300 PRISM system (Applied Biosystems, Foster City, CA, USA). The forward and reverse primers for IGF2R are as follows: F: 5'-CCAGCGTCTGTGACTTCG TG-3' and R: 5'-CCATCCTTGCAGCCTCCTTC-3'. PCR products for the IGF2R gene were detected by SYBR Green chemistry. PCRs were run as triplicates in a total volume of 20 μL, which consisted of SYBR Green PCR master mix (Applied Biosystems), 250 nM of each sequence-specific primer, and 100 cell equivalent of cDNA. The amplification conditions were as follows: preincubation for optimum uracil-N-glycosylase activity at 50°C for 2 min, DNA polymerase activation at 95°C for 10 min, followed by 45 amplification cycles at 95°C for 15 s, and 60°C for 45 s. At the end of the amplification cycles, a melting curve analysis was performed to verify specific amplification.
The comparative C T method was used for relative quantification of IGF2R gene expression levels (ABI Prism Sequence Detection System, Applied Biosystems).
The quantity of each measured cDNA sample was normalized to the endogenous gene GAPDH (a house-keeping gene) and all samples were measured in triplicate.
Statistical analysis
Methylation and mRNA expression levels of IGF2R were analyzed using one-way ANOVA in the package SPSS 16.0 software (SPSS Inc., Chicago, IL, USA). The data are reported as means ± standard error (SE). Statistical differences were considered to be significant when P < 0.05.
RESULTS

Microsatellite and PCR analysis of transgenic cloned dairy goats
Two to eight cell stage cloned embryos were produced (Figure 2 ) and implanted into recipient goat oviducts (10 embryos per female), as shown in Table 2 . Six kids were produced, but three of these died during the perinatal period. Five pairs of polymorphic primers CP34, MAF65, INRA063, INRA011, and BMS1290 were used to detect the genotype of the three transgenic cloned kids that died during the perinatal period, the donor cells, and the surrogate goats. The polymorphic results of the microsatellite DNA showed that the three deceased kids had the same genotype as the transfected donor cell, but a different genotype to the pregnant goats (Table 3) . Meanwhile, the presence of the hLF gene in the kids was also confirmed by PCR and DNA sequence analysis from ear cells of the kids (Figures 2 and 3 ; Tables 2 and 3) .
DNA methylation analysis of the imprinted gene IGF2R by BSP
The putative differential methylation region (DMR) of the goat IGF2R gene was located between nucleotides 244 and 475 of intron 2. The DNA methylation levels of IGF2R ICR analyzed by BSP in the dead transgenic cloned kids and the control kid are shown in Figure 4 . IGF2R exhibited significantly higher methylation levels in the lungs of TD1 (79.05 ± 1.34%), TD2 (80.25 ± 0.35%), and TD3 (98.45 ± 2.19%) compared to the lungs of agematched controls (IGF2R = 10.7 ± 0.99%, P < 0.05). Therefore, an aberrant methylation pattern appears to occur in the imprinted gene IGF2R in the lungs of dead cloned kids (Figure 4) . ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (3): 11099-11108 (2015) mRNA expression levels of the imprinted gene IGF2R
The relative expression levels of the IGF2R gene were analyzed by quantitative RT-PCR. The PCR-amplified products were identified by melting curve profile,and 2.5% agarose gel electrophoresis and sequencing. As shown in Figure 5 , the relative expression levels of IGF2R in the lungs of the dead transgenic clones (TD1, TD2, and TD3) compared with the age-matched control were 2.19, 3.34, and 6.97, respectively, which was significantly higher (P < 0.05) than in the control ( Figure 5 ). 
DISCUSSION
SCNT is a powerful tool demonstrating the developmental plasticity of differentiation cells. Incomplete remodification of the donor cell nucleus after NT probably leads to abnormal expression of developmentally important genes, which may cause low efficiency in animal cloning (Xing et al., 2007) . Respiratory failure has frequently been described in cloned animals, but most of these studies were performed at the histological scale or gene expression level. In addition, most of the previous studies on abnormalities in cloned animals have been conducted on non-transgenic animals and the effects of the transgenic process on the epigenetic model of lungs in cloned offspring are still unknown. In the present study, we not only systematically analyzed hLF gene integration in the deceased cloned goats, we also examined the DNA methylation levels and expression of the imprinted gene IGF2R in the lungs of the deceased cloned kids to determine whether epigenetic modification of the imprinted gene was responsible for lung deficiencies and respiratory failure.
IGF2R is a well-characterized negative regulator of IGF-2 that binds this growth factor and downregulates its activity by endocytosis and degradation. The maternally expressed imprinted gene IGF2R is regulated by a differentially methylated ICR, which is located within the second intron of IGF2R. The ICR includes the promoter for IGF2R antisense (also known as Air) that silences expression of IGF2R (Sleutels et al., 2002) . In mice, the ICR is hypermethylated on the maternal chromosome, preventing transcription of Air and allowing IGF2R to be transcribed (Sleutels et al., 2002) . On the paternal chromosome, the ICR is unmethylated, Air is expressed, and IGF2R is repressed (Ideraabdullah et al., 2008) . In cattle, IGF2R expression was also regulated by epigenetic modification of ICR, and in cloned calves, DNA methylation at the locus of gene imprinting was disrupted (Long and Cai, 2007) . Consequently, DNA methylation of IGF2R ICR was assessed in the present study and our results show that the deceased transgenic cloned kids had increased levels of IGF2R methylation in their lungs compared to the control. Furthermore, relative expression levels of IGF2R in the lungs were examined by quantitative real-time PCR. IGF2R expression was significantly higher in the lungs of the deceased transgenic cloned kids than in the control. Hypermethylation of ICR in the lungs of the deceased transgenic kids may have caused lower Air expression and higher IGF2R expression.
In contrast, Su et al. (2011) found that IGF2R ICR was significantly hypomethylated in the placentas of deceased transgenic calves compared to controls. However, Zhao et al. (2012) reported that the imprinted gene IGF2R exhibited relatively normal DNA methylation in the liver, kidneys, heart, muscles, and lungs of cloned sheep and controls. Why are these results so different? We can speculate that the IGF2R DMR is also site-specific or sequencespecific. Perhaps the methylation patterns of a few CpG sites in the IGF2R DMR are heterogeneous on a single parental allele, or somatic nuclear transfer may have caused abnormal epigenetic reprogramming.
Embryo transfer is critical for the production of transgenic cloned animals. Our method consisted of transferring reconstructed embryos to a surrogate's oviducts at the 2 to 8 cell stage instead of implanting blastocyst stage embryos into the uterine horn, and consequently, six live kids were successfully produced. To identify whether the deceased goats were derived from the gene-transferred somatic cells, microsatellite analysis was conducted using five primer pairs, which showed that the genotypes of the cloned goats were the same as the donor cell, but different from the pregnant goat. Furthermore, using PCR and DNA sequence analysis, it was confirmed that the three deceased cloned goats had transgenic integration of the hLF exogene.
In conclusion, in the present study, it was confirmed that the hLF gene was integrated and the donor cell and the deceased cloned dairy goats had the same genotype. In addition, in contrast to the control, the IGF2R gene in the lungs of deceased kids showed abnormal hypermethylation and higher expression, which indicates that incomplete or abnormal DNA methylation epigenetic reprogramming of the imprinting gene IGF2R in the lungs may be one of the causes of abnormal development and the death of the transgenic cloned goats.
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